1. Introduction In the area of photonics, crystallized glasses consisting of optical nonlinear crystals have received much interest, be cause such materials have high potential for laser host, tuna ble waveguide, tunable fiber grating, and so on. For exam ple, transparent crystallized glasses consisting of BaTiO3 and SrBi2Ta2O9 which are noble optical nonlinear and fer roelectric crystals have been fabricated.1),2) The present authors' group succeeded in fabricating transparent crystal lized glasses in the K2O-Nb2O5-TeO2 system and found the second harmonic generation (SHG) from their samples.3)-5) At this moment, however, transparent optical nonlinear crystallized glasses are limited to several glass systems.
For making transparent crystallized glasses, it is desira ble that the sample with a stoichiometric composition cor responding to a target crystal can be vitrified and the target crystal phase only is precipitated through the crystallization. Very recently, Takahashi et al.6)-8) succeeded in fabricating transparent surface crystallized glasses consisting of optical nonlinear/ferroelectric LaBGeO5 crystals through the cry stallization of 25La2O3¥25B2O3¥50GeO2 glass, i.e., LaBGeO5 glass, and demonstrated that such crystallized glasses show clear SHG. Nd3+-doped La1-xNdxBGeO5 crystals have been considered as candidate material for self-frequency doubling laser. 9) In this study, we focus on a lithium borogermanate cry stal, LiBGeO4, as a target crystal. The reasons are as fol lows: First, the crystal structure of LiBGeO4 is orthorhom bic with a space group of Fmm2, noncentrosymmetry, as reported by Ihara,10) and BO4 tetrahedral structural units, i.e., B-O anionic groups, are included in this crystal. It 1s, therefore, expected that LiBGeO4 crystals exhibit excellent optical nonlinearity. On the other hand, Liebertz and Staehr11) proposed that LiBGeO4 crystals belong to the tetragonal system with centrosymmetry. The crystal struc ture of LiBGeO4 is, therefore, still controversial.
To our best knowledge, however, there has been no report on optical properties of LiBGeO4 crystals. Second, the glass-forming region in the system of Li2O-B2O3-GeO2 has been examined by Yoshimura et al., 12) and it is known that the glass with a composition corresponding to LiBGeO4, i.e., 25L12O3¥ 25B2O3¥50GeO2 glass, is easily prepared using a convention al melt quenching method. Although some physical and vibrational properties such as refractive index, thermal ex pansion and IR spectra of Li2O-B2O3-GeO2 glasses have been reported,10),11) crystallization behaviors have not been studied so far. As to the glass system of Li2O-B2O3-SiO2, crystallized glasses composed by, Li2Si2O5 and Li2B4O7 phases have been prepared by Halliyall et al., 13) and their piezoelectric properties have been measured. In their report, however, the formation of LiBSiO4 crystals has not been detected. It is, therefore, very challenging to prepare transparent crystallized glasses with LiBGeO4 crystals in the system of Li2O-B2O3-GeO2.
In this study, crystallization behaviors of 25Li2O¥25B2O3 ¥ 50GeO2 glass were examined, and transparent surface cry stallized glasses consisting of LiBGeO4 crystals were suc cessfully prepared for the first time. The SHG was clearly detected in our crystallized glasses, demonstrating that LiBGeO4 is an optical nonlinear crystal.
Experimental
The glass with a composition of 25Li2O¥25B2O3¥50GeO2 was prepared using a conventional melt-quenching method. 
